Introduction
One of the most difficult features of Crohn's disease is its chronicity and tendency to recur after resection. A harmless treatment which decreased the relapse rate after medical or surgical treatment would represent real progress. Many studies have shown that patients with Crohn's disease tend to eat more sugar,'8 and one study also showed less raw fruit and vegetables,4 than healthy control subjects. A retrospective comparison suggested that the clinical course of 32 patients treated with a diet low in refined carbohydrate and high in unrefined cereals, vegetables, and fruit was more favourable than that of a matched group of patients treated without dietary modification. 9 We report the results of a randomised prospective single blind trial over two years of two types of dietary advice given to patients with Crohn's disease who were well despite the presence ofdiseased intestine or after resection. One group of patients was advised to avoid refined carbohydrate and to replace it with unrefined carbohydrate. This change resulted in increased dietary fibre but a fibre supplement was not advised. The other group was advised to avoid unrefined cereal foods but was given no advice to alter the consumption of refined carbohydrate.
Patients and methods
Selection of patients-Criteria for the diagnosis of Crohn's disease were based on a typical clinical history with characteristic appearances in radiographs or at laparotomy and whenever possible confirmed by biopsy or a resection specimen. Patients with a stoma and those with disease limited to the stomach or duodenum, or both, were excluded, as were patients with anal disease only. From among patients attending their outpatient clinics participating clinicians were asked to identify patients with Crohn's disease who were well, either with known structural disease or after resection of all apparently diseased intestine, and who were receiving no treatment other than nutritional supplements, antidiarrhoeal drugs, or maintenance sulphasalazine. Clinicians were asked to invite such patients to enter a trial of two types of diet to assess whether recurrence of disease activity was affected by the type of food eaten.
Assessment ofoutcome-The object of the trial was to assess the proportion of patients in each trial group who had a relapse of their disease. Clinical deterioration was defined in order of decreasing importance as the need for surgical or medical treatment in hospital; need for corticosteroid, sulphasalazine (if not already being taken), antibiotic, or immunosuppressive drug treatment for intestinal disease as an outpatient; or as a worsening of symptoms attributable to the disease and severe enough to warrant withdrawal from the trial. Each of these events constituted an "end point" and was regarded as failure of dietary advice to prevent deterioration of disease. Some patients also left the trial because they did not wish to continue one or other of the diets advised, either because they did not like it or because they considered that it caused symptoms. These patients were distinguished from those who left the trial for unrelated or unknown reasons. Patients who completed two years in the trial were those in whom there was no evident clinical deterioration. Their wellbeing at the beginning and end of the trial was assessed in terms of symptoms, body weight, and laboratory findings.
Power of trial-At the outset we estimated that about 40% of patients with Crohn's disease who are well develop recurrent symptoms requiring treatment within two years.'" I To detect a halving of this rate in nine out of 10 trials 260 patients should be studied for up to two years.'2 In the event, clinicians from 40 hospitals collaborated to enable 352 patients to be included.
Randomisation and "blindness"-Eligible patients were invited to enter the trial after full explanation by the clinician. Those who accepted were referred to the dietitian, who held the randomization code as a consecutive series of sealed envelopes. A further explanation of the principles of each diet was given by the dietitian, and if the patient agreed to accept whichever of the two diets was allocated the next envelope was opened and the trial diet disclosed. The clinician was not informed of the diet allocated and, as far as possible, remained blind to the advice given.
Dietary advice-Patients in dietary group A were advised to eat carbohydrate in its refined form using white flour and rice and to avoid unrefined carbohydrate foods; sugar intake was unrestricted. Patients in dietary group B were advised to eat carbohydrate in its natural unrefined state only, avoiding all products containing sugar or white flour; this diet was the same as that advocated in the Bristol study.9 Both types of advice were accompanied byabooklet, modelled on that used in Bristol, which explained the principles of the diet and gave a list of "acceptable" and "unacceptable" foods. At every visit the dietitian reviewed the patient's diet and strongly reinforced the advice given.
Dietary assessment-At entry to the trial and every six months thereafter the patient's sugar and fibre intake was assessed by the dietitian using a standard form and a special list of common foods and household measures based on the tables of McCance and Widdowson,'3 supplemented by manufacturers' data. Assessment was by the recall method. Patients were encouraged to keep a diary of food.eaten on one weekday and one day at the weekend using prepared forms as examples of their diet. Clinical assessment-A detailed form giving the previous history, diagnostic criteria, symptoms, body weight, height, and laboratory data was completed at entry. Thereafter a clinical assessment form was completed every three months to give changes in treatment, the data needed to calculate a simple clinical index,'4 and laboratory findings.
Administration-All clinical and dietary assessment forms were sent to St Mark's Hospital and checked by the administrator (JKR) and a dietitian (ER) respectively. Queries were dealt with by letter.
Statistical analysis-Non-parametric statistics were used throughout. Results for continuously distributed variables were expressed as median and interquartile range-that is, the range of values lying between the 25th and 75th centiles-and the significance of differences between patients in dietary groups A and B assessed by the Mann-Whitney U test. 's Other results were expressed as proportions and the log rank test used to compare survival curves of subjects taking the two diets remaining in the trial.'6 For clarity in the figures only the final standard errors (SE) of surviving proportions are shown.
Results
Three hundred and fifty two patients were entered into the trial; 162 were randomised to dietary group A and 190 to dietary group B. It was not possible to define the total populations of eligible patients from whom the sample was drawn. At entry the patients assigned to the two dietary groups were very similar with regard to age, sex, and clinical state (table I).
The median sugar intake in the two study groups at entry was 689 g/week for sugar and fibre consumption based on all available dietary assessments; there was good compliance with the two diets. The trial was designed to last two years and 178 patients completed it. The remaining 174 patients required treatment or withdrew for various reasons. Thirty nine patients were admitted to hospital during the two years, 21 in group A and 18 in group B. Reasons for admission were acute relapse in seven cases (group A three, group B four), abdominal pain or small bowel obstruction in 18 (A 13, B five), complications of Crohn's disease in five (A one, B four), investigation or assessment in two (A), and anal operations in seven (A two, B five). Two patients allocated to diet A withdrew, as they considered that the diet led to increased diarrhoea. Twenty patients taking diet B reported an increase in symptoms (nine diarrhoea, seven loss of weight, four abdominal pain) and withdrew from the trial. Twenty other patients taking diet B and four taking diet A failed to attend for follow up. Other outcomes showed little difference between the diets.
Life table analysis was used to compare the progress of patients taking the two diets. Figure 2 shows the cumulative proportion ofpatients remaining in the trial without deterioration of the disease resulting in one of the end points listed in table II. The proportions at two years were 64% (SE 4%) in group A and 59% (4%) in group B. The log rank test showed no significant difference between the diets. A similar method of analysis (fig 3) applied to patients withdrawing from the trial for any reason other than worsening symptoms (see table II) showed a significant difference (p<003) between the diets at two years (8% (SE 4%) for diet A, 29% (4%) for diet B), with an excess of withdrawals from diet B at the beginning of the trial. Patients who completed two years in the trial remained well. The clinical score, stool count, and body weight showed no significant change with either diet (table II) .
Within the two dietary groups there was a wide variation in consumption of fibre and sugar. When the analysis was restricted to those patients who after six months of diet A reported sugar consumption above the upper quartile (765 g/week) and fibre consumption below the lower quartile (100 g/week) and to those taking diet B who reported sugar consumption below the lower quartile (60 g/week) and fibre consumption above the upper quartile (205 g/week) the comparisons then referred to patients who complied very well with their dietary advice. When the analysis was restricted to these 24 patients taking diet A and 38 taking diet B there were no evident differences in outcome.
Discussion
Studies in Britain, Germany, Israel, and Sweden have all shown that patients with Crohn's disease tend to eat more sugar than do matched healthy controls.'18 Such unanimity is unusual and offers one of the few clues about the aetiology or pathogenesis of the disease. All but one of these investigations used a method of dietary assessment based on interviews or postal questionnaires; in the only survey in which all items of diet over five days were weighed no significant differences were found, but there was a trend towards more added sugar among the patients than the controls.7 One controlled study estimated the preillness diet soon after diagnosis of Crohn's disease4 and another recorded both the diet reported by patients during the illness and their recall of what they had consumed in health. 7 Comparison between sugar intake within six months ofdiagnosis in one group with the intake seven to 36 months after diagnosis in another showed that the intake of sugar tended to be greater with the longer history of disease and suggested that the increased intake of sugar was a secondary phenomenon.8
In this study the initial dietary assessments showed a median consumption of about 90 g sugar daily, similar to the median of 80 g in another study of Crohn's disease.8 These figures are lower than the published mean daily intakes of 115-200 g in patients with Crohn's disease in other published studies and of the same order as the 91 g in men and 57 g in women measured by weighing among healthy Cambridgeshire villagers. 17 The median fibre intake of 17-18 g daily found in the preliminary questionnaire in this trial was similar to that estimated by Thornton et al among patients with Crohn's disease before the onset of symptoms.4 Their dietary surveys naturally led to the suggestion that an alteration in diet might affect the clinical course of Crohn's disease. A retrospective study based on comparing the course of the disease among patients attending two different clinics, one ofwhich advocated alow refined, high unrefined carbohydrate diet, suggested that this diet might be beneficial. Though efforts were made to match the groups, differences in selection and in other aspects of management may have affected the results. The only other prospective controlled trial of a low refined carbohydrate diet compared with a normal diet was limited to 20 patients but did suggest that reducing added sugar was helpful.'8 An Italian trial found no difference in outcome between a low fibre (residue) diet and an unrestricted (normal fibre) diet. '9 Our trial was planned in 1979; the first patient was entered in 1980 and the last patient completed the trial in 1985. Forty five clinicians from 40 hospitals collaborated. One hospital contributed 68 patients, 13 hospitals between 10 and 21 patients, and 26 hospitals fewer than 10 patients. It might be suggested that the dietary assessment method used was unreliable, particularly because patients wish to show their compliance with the advice given. Most patients appeared to make a sustained effort to alter their diet as advised. Even though the trial inevitably tested the advice given rather than known conformity to the diet, this is the situation in clinical practice.
It soon became apparent that some patients did not wish to continue the low refined, high unrefined carbohydrate diet. Some said that it made their symptoms worse, some that it caused weight loss, and others did not like it. About 10% of patients allocated to this diet withdrew for one of these reasons. Furthermore, a similar additional proportion of patients in this dietary group failed to attend for follow up, suggesting that more patients allocated to this diet than the other found the trial unacceptable in practice. Conversely, a few patients who normally took a high fibre diet but were allocated to take the diet low in fibre found this change difficult to tolerate.
The failure of this trial to show any convincing difference in the clinical course of the disease in the two treatment groups is disappointing. It might be argued that a therapeutic response would have been more likely among patients with active disease. The trial was not conducted among such patients because the response would be difficult to evaluate when drugs were being taken and because there is a real need to find a treatment which decreases the long term relapse rate in those with inactive disease. The cumulative probability of deterioration of the disease was similar to the 40% expected when planning the trial, but the actual proportion of patients who deteriorated resulting in the end points listed in table II was smaller (group A 32%, group B 35%). The difference between the groups was smaller than that judged clinically important when planning the trial. Even among the small group of patients who complied best with the advice given no difference was discernible; it seems unlikely that patients will alter their intake of sugar or dietary fibre, or both, to a greater extent than achieved by this group.
A high proportion of patients in whom all macroscopic disease is resected develop aphthoid ulcers at the anastomotic site within one year of operation.20 Hence most of the 134 patients in this group (table I) probably had occult disease during the two years of the trial. The results suggest that both the course of mildly active Crohn's disease and deterioration after resection are unaffected by advising replacement of refined by unrefined carbohydrate in the diet. Whether a reduction in sugar intake without a concurrent increase in fibre intake would be beneficial cannot be determined from our study. Other reports have suggested that different dietary approaches may be beneficial,2' 22 but the results of large trials of these diets are awaited.
